. Gender alters impact of hypobaric hypoxia on adductor pollicis muscle performance. J Appl Physiol 91: [100][101][102][103][104][105][106][107][108] 2001.-Recently, we reported that, at similar voluntary force development during static submaximal intermittent contractions of the adductor pollicis muscle, fatigue developed more slowly in women than in men under conditions of normobaric normoxia (NN) (Acta Physiol Scand 167: 233-239, 1999). We postulated that the slower fatigue of women was due, in part, to a greater capacity for muscle oxidative phosphorylation. The present study examined whether a gender difference in adductor pollicis muscle performance also exists during acute exposure to hypobaric hypoxia (HH; 4,300-m altitude). Healthy young men (n ϭ 12) and women (n ϭ 21) performed repeated static contractions at 50% of maximal voluntary contraction (MVC) force of rested muscle for 5 s followed by 5 s of rest until exhaustion. MVC force was measured before and at the end of each minute of exercise and at exhaustion. Exhaustion was defined as an MVC force decline to 50% of that of rested muscle. For each gender, MVC force of rested muscle in HH was not significantly different from that in NN. MVC force tended to decline at a faster rate in HH than in NN for men but not for women. In both environments, MVC force declined faster (P Ͻ 0.01) for men than for women. For men, endurance time to exhaustion was shorter (P Ͻ 0.01) in HH than in NN [6.08 Ϯ 0.7 vs. 8.00 Ϯ 0.7 (SE) min]. However, for women, endurance time to exhaustion was similar (not significant) in HH (12.86 Ϯ 1.2 min) and NN (13.95 Ϯ 1.0 min). In both environments, endurance time to exhaustion was longer for women than for men (P Ͻ 0.01). Gender differences in the impact of HH on adductor pollicis muscle endurance persisted in a smaller number of men and women matched (n ϭ 4 pairs) for MVC force of rested muscle and thus on submaximal absolute force and, by inference, ATP demand in both environments. In contrast to gender differences in the impact of HH on small-muscle (adductor pollicis) exercise performance, peak O 2 uptake during large-muscle exercise was lower in HH than in NN by a similar (P Ͼ 0.05) percentage for men and women (Ϫ27.6 Ϯ 2 and Ϫ25.1 Ϯ 2%, respectively). Our findings are consistent with the postulate of a higher adductor pollicis muscle oxidative capacity in women than in men and imply that isolated performance of muscle with a higher oxidative capacity may be less impaired when the muscle is exposed to HH. strength; endurance; muscle fatigue; exhaustion; oxidative capacity; altitude; small-muscle exercise; peak oxygen uptake IN MEN AND WOMEN, ENDURANCE performance during large-muscle exercise (e.g., bicycle ergometer or treadmill) is markedly impaired by acute exposure to hypobaric and normobaric hypoxia (13). This impairment has been closely linked to a similar magnitude of reduction in maximal aerobic power for each gender (e.g., Ϫ25 to Ϫ30% at 4,300-m altitude) because of arterial hypoxemia (13). In men, under comparable hypoxic conditions, exercise utilizing smaller muscles [e.g., knee extensors (12) and adductor pollicis (11)] tends to be associated with prominent, although smaller degrees of, impairment of arterial oxygen saturation, peak oxygen uptake (V O 2 peak ), and endurance performance. In contrast, less is known regarding the effects of hypoxia on small-muscle exercise performance in women.
IN MEN AND WOMEN, ENDURANCE performance during large-muscle exercise (e.g., bicycle ergometer or treadmill) is markedly impaired by acute exposure to hypobaric and normobaric hypoxia (13) . This impairment has been closely linked to a similar magnitude of reduction in maximal aerobic power for each gender (e.g., Ϫ25 to Ϫ30% at 4,300-m altitude) because of arterial hypoxemia (13) . In men, under comparable hypoxic conditions, exercise utilizing smaller muscles [e.g., knee extensors (12) and adductor pollicis (11) ] tends to be associated with prominent, although smaller degrees of, impairment of arterial oxygen saturation, peak oxygen uptake (V O 2 peak ), and endurance performance. In contrast, less is known regarding the effects of hypoxia on small-muscle exercise performance in women.
We recently observed a slower development of fatigue, a longer endurance time to exhaustion, and a faster early recovery of an isolated small-muscle, the adductor pollicis, in women than in men associated with high-intensity, intermittent static contractions performed under normoxic conditions (14) . Because the adductor pollicis muscle of men and women contains a uniformly high percentage of slow-twitch high-oxidative-capacity fibers (21, 33) , our observations led us to postulate (14) that the superior muscle performance of women under exercise conditions involving complete motor unit recruitment (24, 29) was linked partly to a greater capacity for oxidative phosphorylation in the fast-twitch fibers of women's adductor pollicis muscle. For a given ATP requirement during exercise, an iso-lated muscle that has a greater potential for oxidative phosphorylation, as reported for the vastus lateralis muscle of women compared with men (30, 37) , is likely to be less reliant on anaerobic pathways and reactions that cause local metabolic conditions associated with impaired muscle contractile performance.
In the present study, we tested the hypothesis that voluntary performance during high-intensity, intermittent static contractions of the adductor pollicis muscle is less impaired during acute exposure to hypobaric hypoxia in women than in men. Our hypothesis was tested by comparing adductor pollicis muscle performance in men and women under conditions of normobaric normoxia and hypobaric hypoxia. The rationale for this hypothesis was based on findings that, taken together, imply that muscle with a higher oxidative capacity may more effectively regulate muscle oxidative phosphorylation under hypoxic conditions (2, 5, 7, 19) .
In addition to the adductor pollicis muscle experiments, the present subjects also performed conventional large-muscle dynamic exercise to V O 2 peak under the same environmental conditions. Comparison of small-muscle intermittent static exercise and largemuscle dynamic exercise under normobaric and hypobaric conditions allowed us to more closely link the adductor pollicis muscle performance findings with physiological conditions specific to this muscle group and its mode of exercise.
METHODS

Subjects
Twenty-one healthy women with normal menstrual cycles and no history of oral contraceptive use or pregnancy in the preceding year and 12 healthy men gave written informed consent before participating in the study. For the women, no statistically significant differences in adductor pollicis muscle performance were observed between their follicular and luteal menstrual cycle phases in normoxia or in hypobaric hypoxia (unpublished observations). Age, height, and weight (mean Ϯ SE) were 22 Ϯ 1 yr, 166 Ϯ 1 cm, and 65 Ϯ 2 kg for the women and 29 Ϯ 1 yr, 180 Ϯ 2 cm, and 80 Ϯ 3 kg for the men. All male and female subjects were right-hand dominant.
In response to a questionnaire regarding participation in physical activity and sport, the 12 men reported exercising 23 Ϯ 1 days/mo (range 16-28 days, median 24 days) in activities such as running, bicycling, football, soccer, kayaking, and volleyball. Similarly, the 21 women reported participating 19 Ϯ 2 days/mo (range 4-28 days, median 24 days) in activities such as running, bicycling, walking, swimming, and badminton.
Study Locations
Women performed normobaric normoxia muscle testing at the Geriatric Research Education and Clinical Center of the Palo Alto Veterans Affairs Medical Center (Palo Alto, CA; altitude 30 m). Men performed normobaric normoxia testing at the US Army Research Institute of Environmental Medicine (Natick, MA; altitude 50 m). Women and men were tested under conditions of hypobaric hypoxia in a laboratory on the summit of Pikes Peak, CO (4,300-m altitude, 464 Torr). For both genders, testing in normoxia always preceded testing in hypoxia, with Ն2 wk between testing at each location. Subjects were transported via airplane and automobile to Pikes Peak from California or Massachusetts in Ͻ6 h. For all subjects, adductor pollicis muscle experiments were conducted within the first 24 h and V O2 peak tests within the 1st wk of altitude exposure. At both locations, for the adductor pollicis muscle experiments, the identical muscle apparatus, testing and calibration procedures, force transducer, and force feedback display were used by the same investigators. Ambient temperature was maintained in a comfortable range (20-23°C) at each location.
General Experimental Design and Procedures
Adductor pollicis muscle testing. To ensure familiarization with all equipment, personnel, and procedures and to learn to execute intermittent static contractions exclusively with the adductor pollicis muscle, subjects underwent at least one adductor pollicis muscle familiarization session before the definitive experiments. Familiarization sessions consisted of practicing repeated submaximal static contractions interspersed with periodic maximal contractions.
Definitive muscle fatigue experiments were performed using a device that permitted static contractions isolated to the adductor pollicis muscle (11, 27) . The right hand and arm of the subject were secured in supination with the fingers flexed and thumb abducted. A force transducer (model SSM-250, Interface, Scottsdale, AZ; sensitivity 1.5 mV/kg) was attached by an inextensible link to a strap looped around the interphalangeal joint of the right thumb. The force transducer was interfaced with an amplifier (model 13-421202, Gould, Cleveland, OH; 90% response time in 2 ms), chart recorder (model 2200, Gould), and oscilloscope. Subjects had visual contact with the oscilloscope tracings at all times to provide them with feedback for maintaining the correct force during submaximal contractions.
After the subject was seated and the hand and thumb were properly oriented and secured, three 5-s baseline maximal voluntary contractions (MVCs) were performed. There was a 1-min rest between each MVC. For each subject, the highest MVC force attained (MVC force of rested muscle, i.e., strength) was used to set the target force of submaximal contractions.
After an additional 1-min rest, exercise was initiated with an MVC, the subjects rested for 5 s, and then the first submaximal contraction was performed. Submaximal exercise consisted of intermittent, 5-s static muscle contractions at a target force of 50% of rested MVC force followed by 5 s of rest (i.e., duty cycle 0.5). At the end of every minute (i.e., every 6th contraction), an MVC was performed for the full 5 s instead of the 50% MVC force contraction. An investigator timing the events verbally instructed the subjects to start and stop each submaximal and maximal contraction. During each maximal or submaximal contraction, subjects were required to increase muscle force (in N) as rapidly as possible to the maximal or target level, respectively. When MVC force fell to or below target or the target force could not be maintained for 5 s, the subjects were considered exhausted and were instructed to stop the submaximal contractions. An MVC was performed immediately on reaching exhaustion. Endurance time to exhaustion was calculated as the time from the start of the MVC of rested muscle immediately preceding the first submaximal contraction to the end of the MVC performed at the point of exhaustion. Figure 1 illustrates the study protocol and specific measurements obtained. For the women, arterial oxygen saturation was con-tinuously determined by pulse oximetry of a finger on the left hand in normoxia and hypoxia (model N-200 pulse oximeter, Nellcor, Pleasanton, CA).
V O2 peak. For the men, V O2 peak was determined in normoxia and hypoxia by a progressive-intensity, continuous treadmill running test to volitional exhaustion. The men warmed up by walking for 10 min (1.56 m/s) at a 10% treadmill grade. In normoxia, if heart rate was Ͼ140 beats/ min during warm-up, the treadmill speed for the remainder of the test was set at a running speed of 2.68 m/s; if heart rate was Ͻ140 beats/min, the speed was set at 3.13 m/s. For running, the initial incline was 5% and was increased by 2.5% at the end of every 1.5 min. In hypoxia, the treadmill test was identical, except the lower running speed (2.68 m/s) was maintained constant for each man. For the women, V O2 peak was determined in normoxia and hypoxia by a progressive-intensity, continuous cycle ergometer test to volitional exhaustion. The women exercised on an electrically braked ergometer at a cadence of 70 rpm, beginning at 40 W and increasing by 25 W at the end of every 2 min. For men and women, oxygen uptake was measured continuously during exercise using calibrated metabolic carts (SensorMedics, Fullerton, CA).
Data analyses. For each subject, in each environment, overall muscle fatigue rate was calculated from the slope of individual linear regression analysis of the fall in MVC force (in N) relative to exercise time (in min). Mean slopes (fatigue rates) were calculated for each gender in each environment. For each gender, paired t-tests were used to identify normoxia vs. hypoxia differences in MVC force of rested muscle, absolute force developed during submaximal exercise, muscle fatigue rate (in N/min), endurance time to exhaustion, MVC force at exhaustion, and V O2 peak. For each of these dependent variables, differences between genders in each environment were determined using independent t-tests for unequal variances. For these within-and between-gender comparisons, the Bonferroni adjustment procedure was used to correct for potential type 1 errors due to multiple t-tests. P Ͻ 0.0125 was therefore accepted as statistically significant after these adjustments were made. Three-way ANOVAs (environment ϫ exercise time ϫ gender) with repeated measures on two factors (environment and exercise time) were used to identify gender differences in MVC force during exercise (i.e., percent decline in the first 3 min of exercise). If an ANOVA identified a significant F value, Tukey's multiplecomparison procedure was used to detect statistical significance of specific differences. For the analyses based on the ANOVAs, a difference of P Ͻ 0.05 was accepted as statistically significant. Values are means Ϯ SE or individual values.
RESULTS
MVC Force of Rested Muscle
MVC force of rested adductor pollicis muscle was similar in normoxia and hypoxia for men [143 Ϯ 5 and 152 Ϯ 4 N, respectively, P ϭ not significant (NS)] and women (111 Ϯ 4 and 115 Ϯ 5 N, respectively, P ϭ NS). In normoxia and hypoxia, MVC force of rested muscle was greater for men than for women (P Ͻ 0.01).
Adductor Pollicis Muscle Force Exerted During Submaximal Exercise
The percentage of rested MVC force used during submaximal adductor pollicis muscle exercise was similar (both P ϭ NS) in normoxia and hypoxia for men (51.9 Ϯ 1 and 51.0 Ϯ 1%, respectively) and women (52.3 Ϯ 1 and 53.0 Ϯ 1%, respectively). In each environment, the percentage of rested MVC force used during submaximal adductor pollicis muscle exercise was similar (P ϭ NS) for men and women. Absolute force developed during submaximal adductor pollicis muscle exercise was similar (both P ϭ NS) in normoxia and hypoxia for men (74 Ϯ 2 and 77 Ϯ 2 N, respectively) and women (58 Ϯ 3 and 61 Ϯ 3 N, respectively). In contrast, absolute force developed during submaximal exercise was greater for men than for women in normoxia and hypoxia (both P Ͻ 0.01).
Adductor Pollicis Muscle Fatigue Rate
Overall muscle fatigue rate tended to be faster in hypoxia than in normoxia for men (Ϫ13 Ϯ 2 vs. Ϫ8 Ϯ Fig. 1 . Schematic of study protocol and measurements. "Strength" is the highest force obtained in a maximal voluntary contraction (MVC) of rested muscle before starting repeated submaximal contractions. Submaximal "target force" is 50% of strength level. Each target force contraction lasts for 5 s and is followed by 5 s of rest. At the end of every minute (or for every 6th contraction), an MVC is performed for the full 5 s. "Rate of fatigue" is defined as the decline of MVC force relative to exercise duration resulting from the target force contractions. "Exhaustion" occurs when the 50% target force cannot be maintained for 5 s or MVC force falls to 50%. "Endurance time to exhaustion" is the time interval from the start of exercise to the exhaustion point. [Modified from Fulco et al. (14) .] 2 N/min, respectively, P Ͻ 0.05) but not for women (Ϫ5 Ϯ 1 vs. Ϫ4 Ϯ 1 N/min, respectively, P ϭ NS). Overall fatigue rate for men was ϳ2-fold faster in normoxia (Ϫ8 Ϯ 2 vs. Ϫ4 Ϯ 1 N/min, respectively, P Ͻ 0.01) and ϳ2.5-fold faster in hypoxia (Ϫ13 Ϯ 2 vs. Ϫ5 Ϯ 1 N/min, respectively, P Ͻ 0.01) for men than for women.
First Three Minutes of Exercise
For each gender, the decline of MVC force from rest to the end of minute 3 of adductor pollicis muscle exercise was similar (P ϭ NS) in normoxia and hypoxia (Fig. 2) . By the end of minute 1 of exercise, MVC force had, from rest (i.e., 100% MVC), fallen nearly threefold more for men than for women in normoxia (Ϫ21 Ϯ 2 vs. Ϫ6 Ϯ 1%, P Ͻ 0.01) and hypoxia (Ϫ23 Ϯ 3 vs. Ϫ8 Ϯ 1%, P Ͻ 0.01). During the next 2 min of exercise in each environment, MVC force continued to decline for both genders. By the end of minute 3 of exercise in each environment, the difference between women and men in MVC force, expressed as a percentage of MVC force of rested muscle, remained similar to that at the end of minute 1.
Progression Toward Exhaustion
Percentages of men and women remaining (i.e., those not reaching exhaustion) after each minute for the first 12 min of exercise in normoxia and hypoxia are shown in Fig. 3 . In normoxia, all men were able to exercise for Ն4 min. However, the percentage of men remaining each minute declined steadily from minute 4 to minute 12. After minute 12 of normoxic exercise, 100% of the men had reached their point of exhaustion. In hypoxia, the percentage of men remaining at each minute between minute 4 and minute 10 was 8-50% (median 25%) lower than in normoxia.
In contrast to men in normoxia, all women in normoxia were able to exercise for Ն8 min, and 57% of women remained by minute 12. The percentage of women remaining each minute declined progressively, but sharply higher percentages of women than men remained exercising beyond minute 4. Moreover, in direct contrast to the much faster rate of dropout during hypoxic than normoxic exercise in men, the percentage of women remaining after each minute of exercise tended to be similar in hypoxia and normoxia. When the progression toward exhaustion in hypoxia was compared with that in normoxia, the percentage of women remaining at each minute between minute 4 and minute 10 was only 0-23% (median 9%) lower in hypoxia.
Adductor Pollicis Muscle Endurance Time to Exhaustion
For men, endurance time to exhaustion was shorter (P Ͻ 0.01) in hypoxia (6.08 Ϯ 0.7 min) than in normoxia (8.00 Ϯ 0.7 min); for women, endurance time was similar (P ϭ NS) in both environments (12.86 Ϯ 1.2 min in hypoxia vs. 13.95 Ϯ 1.0 min in normoxia). Endurance time to exhaustion was longer (P Ͻ 0.01) for women than for men in normoxia and hypoxia (Fig. 4) .
MVC Force at Exhaustion
At exhaustion, MVC force had fallen to a similar (P ϭ NS) percentage of MVC force of rested muscle in normoxia and hypoxia for men (55 Ϯ 1 and 53 Ϯ 2%, respectively) and women (53 Ϯ 1 and 55 Ϯ 1%, respectively). In addition, MVC force fell to a similar (P ϭ NS) percentage of MVC force of rested muscle at the point of exhaustion for men and women in normoxia and hypoxia.
Arterial Oxygen Saturation During Adductor Pollicis Muscle Exercise
In normoxia, women's arterial oxygen saturation was 97 Ϯ 1% at rest and remained about the same (i.e., Ϯ1%) over the duration of adductor pollicis muscle exercise and recovery. In hypobaric hypoxia, women's arterial oxygen saturation was 85 Ϯ 1% during seated rest and rose to 88 Ϯ 1% at exhaustion from adductor pollicis muscle exercise (P Ͻ 0.05). During rest and exercise, women's arterial oxygen Fig. 2 . Force of MVC expressed as a percentage of the MVC force of rested muscle for men (n ϭ 12) and women (n ϭ 21) during the first 3 min of intermittent static adductor pollicis muscle contraction under normoxic (A) and hypoxic (B) conditions. For each minute of exercise in each environment, the percentage of rested MVC force was markedly higher (P Ͻ 0.01) for women than for men. In addition, for each gender, the decline in percentage of rested MVC force from rest to the end of minute 3 of exercise was similar in normoxia and hypoxia [P ϭ not significant (NS)]. *P Ͻ 0.01. saturation was lower in hypobaric hypoxia than in normoxia (P Ͻ 0.01).
V O 2 peak
For each gender, V O 2 peak was lower (P Ͻ 0.01) in hypobaric hypoxia than in normoxia. V O 2 peak declined by a similar percentage (P ϭ NS) from normoxic to hypobaric hypoxic conditions for men (from 56.5 Ϯ 1 to 40.7 Ϯ 1 ml⅐ kg Ϫ1 ⅐ min Ϫ1 , i.e., Ϫ27.6 Ϯ 2%) and women (from 40.4 Ϯ 1 to 30.1 ml ⅐ kg Ϫ1 ⅐ min
Ϫ1
, i.e., Ϫ25.1 Ϯ 2%).
Gender Pairs Matched for MVC Force
To examine whether the gender difference in the impact of hypobaria on adductor pollicis muscle performance was related to a lower muscle energy demand for women, we matched, after completion of muscle testing, an equal number (n ϭ 4) of women and men as closely as possible for MVC force of rested muscle in normoxia and hypoxia. Matching was accomplished by ranking and comparing the results for each gender in normoxia and hypoxia and then progressively discarding data for some women and men until mean MVC force did not differ (P ϭ NS) within and between genders for both environments. As a result of matching on MVC force of rested muscle, the submaximal contraction forces produced in normoxic and hypoxic conditions by the men were 74 Ϯ 3 and 76 Ϯ 1 N, respectively, and those produced by the women were 73 Ϯ 4 and 76 Ϯ 8 N, respectively. Our matching procedure therefore enabled men and women to be compared at similar (P ϭ NS) absolute submaximal contraction forces and, by inference, similar muscle ATP demand, in normoxia and hypoxia.
At a similar absolute submaximal contraction force, these men were unable to maintain MVC force as well as women (P Ͻ 0.01) at the end of minute 1 of exercise in normoxia (84 Ϯ 3 vs. 95 Ϯ 2% MVC force of rested muscle, respectively) and hypoxia (77 Ϯ 4 vs. 92 Ϯ 4% MVC force of rested muscle, respectively; Fig. 5A ). During the next 2 min of exercise in each environment, MVC force continued to decline for both genders. By the end of minute 3 of exercise, MVC force relative to that of rested muscle fell in normoxia to 74 Ϯ 1% for men and 82 Ϯ 3% for women and in hypoxia to 64 Ϯ 8% for men and 82 Ϯ 3% for women [genders tended to differ (P Ͻ 0.05) in both environments]. The women also tended to have longer muscle endurance times than men (P Ͻ 0.05) in normoxia (11.00 Ϯ 2 vs. 8.00 Ϯ 1 min) and hypoxia (12.50 Ϯ 3 vs. 5.50 Ϯ 1 min; Fig.  5B ). In addition, for men, endurance times to exhaustion tended to be shorter (P Ͻ 0.05) in hypoxia (5.50 Ϯ 1 min) than in normoxia (8.00 Ϯ 1 min), but for women endurance times were similar (P ϭ NS) in both environments (12.50 Ϯ 3 and 11.00 Ϯ 2 min in hypoxia and normoxia, respectively).
DISCUSSION
Our major finding confirmed the hypothesis that voluntary performance during intermittent static contractions of the adductor pollicis muscle is less impaired during acute exposure to hypobaric hypoxia in women than in men. Moreover, under hypoxic conditions, women did not display the increase in overall fatigue rate and decrease in endurance time to exhaustion found in men. To our knowledge, this finding represents the first direct demonstration of a gender difference in the impact of hypoxia on human muscle performance. In contrast to our adductor pollicis muscle observations, for large-muscle exercise in hypoxia, each gender demonstrated a similar degree of decline of V O 2 peak from normoxic values. In this discussion, we identify the most likely reasons for the distinct gender difference in the effect of hypoxia on performance during adductor pollicis muscle exercise, explain the physiological significance of this observation, and distinguish our adduc- Fig. 4 . Adductor pollicis muscle endurance time to exhaustion for men and women in normoxia and hypoxia. For each environment, women had a significantly longer endurance time than men (P Ͻ 0.01). Endurance time was reduced for men (P Ͻ 0.01) but not for women (P ϭ NS) in hypoxia compared with normoxia. tor pollicis muscle findings from those of more conventional large-muscle effort.
Our specific exercise protocol and the unique characteristics of the adductor pollicis muscle likely contributed to the present findings. The protocol involved static contractions performed at 50% of MVC force in a 5-s activity-5-s recovery duty cycle. This type of exercise is fueled largely by muscle high-energy phosphate breakdown during contractions and resynthesis of high-energy phosphates by oxidative phosphorylation during recovery (6, 41) . In men and women, the adductor pollicis muscle contains a uniformly high percentage (ϳ80%) of slow-twitch, high-oxidative-capacity fibers (21, 33) . In addition, during adductor pollicis muscle contractions at 50% of MVC force, virtually all motor units are recruited (24, 29) , and the rapid and repeated generation of this force in the present protocol likely augmented the need for fast-twitch fiber recruitment (10, 18) . Our finding of a markedly slower development of adductor pollicis muscle fatigue for women than for men after only 1 min of exercise under normoxic conditions is supported by earlier observations (14) and is postulated to be linked with a greater capacity for oxidative phosphorylation in the fasttwitch fibers of the adductor pollicis muscle of women. A greater fast-twitch fiber oxidative capacity would promote more rapid resynthesis of muscle high-energy phosphate between contractions and result in more complete removal of products of high-energy phosphate breakdown such as P i and ADP, accumulations of which have been associated with impaired muscle performance (3, 35) .
Our finding of a similar adductor pollicis muscle performance for women in hypoxia and normoxia is consistent with the hypothesis of a relatively high oxidative capacity in the fast-twitch fibers of the adductor pollicis muscle of women. When compared in hypoxia vs. normoxia, each gender performed adductor pollicis muscle contractions at a similar absolute force and thus a similar absolute muscle ATP requirement. Muscle with increased mitochondrial content can produce a given amount of ATP via oxidative phosphorylation with reduced concentrations of key metabolic regulators, e.g., ADP (5) or substrate (19) . A prominent theory for control of oxidative phosphorylation in active muscle holds that regulation may be exerted via interaction between the muscle phosphorylation po- (2) . The present finding of a lack of effect of hypoxia on women's adductor pollicis muscle performance supports the hypothesis that muscle with a greater intrinsic oxidative capacity has a greater ability to sustain a given rate of ATP production via oxidative phosphorylation with smaller compensatory changes in [ ]. This property would reduce activation of anaerobic pathways and reactions that lead to metabolic conditions associated with accelerated muscle fatigue under hypoxic conditions.
In normoxia and hypoxia, mean MVC force of rested adductor pollicis muscle for the group of 12 men was ϳ30% higher than that for the group of 21 women. Correspondingly, during submaximal contractions performed at 50% of individual MVC force, absolute force developed, and, by inference, muscle ATP demand averaged ϳ26-28% higher for men than for women in normoxia and hypoxia. To examine whether the gender difference in the impact of hypoxia on adductor pollicis muscle performance was related to a lower muscle energy demand for women, we matched as many men and women as possible (n ϭ 4 pairs) with respect to MVC force of rested muscle and, therefore, on absolute force development during each submaximal contraction in normoxia and hypoxia. Our observations of muscle performance for women that was superior to that for men in normoxia and hypoxia under conditions of matched force and, likely, similar muscle ATP demand support the hypothesis that, compared with men, the adductor pollicis muscle of women can, during exposure to hypoxia, more effectively regulate oxidative phosphorylation and, thereby, lessen muscle metabolic conditions associated with fatigue.
In addition to local factors in active muscle, neural processes that may contribute to fatigue development (15) could differ between women and men (36) . Neural factors that could affect the present findings of slower fatigue development in women than in men in normoxia and hypoxia may relate to a potential femalemale difference in central motor drive, neuromuscular propagation, and/or a fall in neural excitation of muscle of reflex origin. There is, however, little or no published evidence supporting a major role for the first two factors under the present experimental conditions. Almost 50 years ago, Merton (27) reported that, for adductor pollicis muscle, voluntary activation could account for virtually all force production in fresh and fatigued muscle. Using more sensitive techniques, Herbert and Gandevia (20) recently observed that voluntary activation could explain ϳ90% of voluntary force production in adductor pollicis muscle with no difference between genders. For adductor pollicis (11) and other muscle groups (1, 12, 17, 42) , there is little or no evidence for impairment of central motor drive due to hypoxic conditions similar to those of the present study. In addition, virtually no published data link moderate or severe hypoxia (17) or gender with impaired neuromuscular propagation.
Activation of metabolically sensitive group III and IV afferent nerve endings in fatigued muscles has been implicated in a reflex decline in motoneuron discharge to active muscle (16) via reduction of motor drive in the central nervous system (15) or spinal cord (31) . A reflex increase in sympathetic nerve activity to inactive muscle is a prominent manifestation of group III and IV metaboreflex activity (40) . Accumulation of metabolites such as H ϩ , P i , and H 2 PO 4 Ϫ in active muscle has been linked with impaired force generation (3, 28, 35) , excitation of group III and IV muscle afferents (16) , and reflex increases in sympathetic nerve activity (26, 39, 40) . Moreover, there is published evidence that 1) accumulation of these metabolites and reflex increases in sympathetic nerve activity are reduced by interventions to increase muscle oxidative capacity (5, 22, 38) and 2) during adductor pollicis muscle exercise, reflex increases in muscle sympathetic nerve activity are smaller in women than in men (8) . The above findings therefore support the hypothesis that a better voluntary performance of the adductor pollicis muscle for women than for men under normoxic and hypobaric conditions is linked with a greater oxidative capacity of this muscle, which results in more slowly developing direct, intramuscular fatigue and a related decline in reflex impairment of muscle excitation.
Earlier findings (13) support our observation of similar percent declines from normoxic values in peak cycle ergometer or treadmill oxygen uptake in women and men. Thus the present finding of a gender difference in the effect of hypobaria on adductor pollicis muscle but not larger muscle performance in the same subjects would appear inconsistent. This potential discrepancy can be resolved by considering salient features of 1) systemic and local muscle oxygen transport in hypobaria and 2) the comparative energetics of large-muscle dynamic exercise vs. intermittent static contractions of the adductor pollicis muscle. These factors likely combine to create distinctly different local muscle metabolic states for the two exercise modes in similar hypobaric environments. In peak large-muscle dynamic exercise at 464 Torr, a high cardiac output and commensurately short pulmonary capillary red cell transit time (4) typically result in a 4-8% drop from resting values in arterial oxygen saturation (23) that aggravates the existing hypoxemia. In contrast, the small increase over resting values in arterial oxygen saturation we observed for hypobaric adductor pollicis muscle exercise in women is similar to previous small-muscle exercise findings under comparable hypobaric hypoxia conditions in men (12) and appears linked, in part, with only a minor increase in cardiac output typical for exercise engaging a small-muscle mass (25) . For peak cycle or treadmill exercise, the local effect of the greater systemic hypoxemia (i.e., smaller muscle capillary-mitochondrial PO 2 gradient) would be exacerbated by high muscle blood flow (34) and relatively brief muscle capillary red cell transit time associated with a combination of very high energy demand (9) and short recovery periods for oxidative resynthesis of ATP (9, 32) during rapidly repeated high-intensity dynamic contractions. By comparison, the lower ATP demand (9) and the duty cycle (i.e., 5 s of work-5 s of rest) of the static contractions performed in the adductor pollicis muscle exercise protocol may have provided optimal conditions for expression of an intrinsic gender difference in the effect of hypoxia on muscle fatigability.
In summary, adductor pollicis muscle performance during high-intensity, intermittent static contractions is less impaired in women than in men during acute exposure to hypobaric hypoxia. This finding contrasts with that of similar declines in V O 2 peak during largemuscle dynamic exercise for both genders under hypoxic conditions. Unique properties of the adductor pollicis muscle that include, for both genders, a high percentage of slow-twitch high oxidative fibers and complete motor unit recruitment at the target force used and findings of a much smaller force loss for women than men after only 1 min of exercise in normoxia and hypoxia suggest that the superior muscle performance of women relates to a greater capacity for oxidative phosphorylation in their fast-twitch fibers. A greater fast-twitch fiber oxidative capacity would promote more rapid resynthesis of muscle high-energy phosphates between intense muscle contractions and faster removal of products of high-energy phosphate breakdown that have been linked with impaired muscle performance.
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